Abstract. In this paper, we propose a two-stage spectrum sensing (SS) scheme in cognitive radio networks (CRN). First stage consists of multiple antennas (M) based energy detector (ED) with fixed single threshold (MA_ED_FT) and if required, second stage comprised of ED with adaptive double threshold (ADT) is invoked. Numerical results show that proposed scheme optimizes detection performance and outperforms the cyclostationary based sensing method by 33 % at signal to noise ratio (SNR) setting of as low as -10 dB with M = 2. Further, it is shown that the proposed scheme yields smaller sensing time in the order of 6.2 ms at -20 dB SNR.
Introduction
In CR systems, the unlicensed users can utilize the licensed frequencies while the primary user (PU) is not active. For achieving good spectrum sensing performance, several methods based on single CR user have been studied in [1] [2] [3] . There are three basics spectrum sensing techniques, namely Matched filter detection, Energy detection and Cyclostationary feature detection [1] , [4] [5] . In [6] , authors have proposed "Twostage" spectrum sensing scheme in which authors used two detectors, energy detector in the first stage and cyclostationary detector in the second stage provides better detection, but it is computationally more complex and needs longer sensing time.
In this paper, we present two-stage detectors, first stage consist of multiple antennas based energy detector (MA_ED) with fixed single threshold and second stage contain energy detector with adaptive double-threshold (ED_ADT) scheme which overcomes sensing failure problem [7] also. Adaptive double-thresholds are based on upper and lower bounds of the noise uncertainty range [8] . We analyze the performance of such a two-stage sensing approach in terms of probabilities of detection (P d ) and spectrum sensing time (T). The rest of the paper is organized as follows: Section II presents system description. Section III describes proposed system model. Section IV presents the numerical results and analysis. Finally, Section V concludes the paper.
System Description
To detect PU signal, we have used following hypothesis for received signal [1] , [9] ( ) = � ( ), A. ADT scheme for Spectrum Sensing- Figure 1 , the area comes under upper bound (λ 1 ) and lower bound (λ 2 ) is known as confused region. In this region detection between noise and PU signal is difficult using single threshold. In the proposed adaptive double-threshold scheme, the upper bound threshold (λ 1 ) is selected according to the maximum noise variance, and the lower bound threshold (λ 2 ) is selected according to the minimum noise variance. 
Fig. 1. Energy distribution of Primary user signal and Noise
To overcome confuse region problem we designed adaptive double-threshold scheme to determine the local decision at the CR user as following logic function rule (LR).
M is the quantization decision, and X denotes received signal energy by CR user. 
Given the target false alarm probability __ , the threshold λ can be determined as
Where Q -1 ( ) denotes the inverse Gaussian tail probability Q-function. If detected signals fall inside any one of the quantized interval, it will generate its respective decimal values (DV) as
Equation (8) shows the decimal values (DV), which are compared with threshold (λ) to make local decision at a fixed P f i.e. 0.1. Outside the confused region it will generate 0 or 1 depending upon signal existence.
Proposed System Model

A. Two-Stage Spectrum sensing scheme-
In figure 3 , First stage consists of multiple antennas based energy detector with fixed single threshold, and second stage consists of energy detector with adaptive double-threshold (ED_ADT) scheme. Figure 4 , shows the system model of the proposed multiple antennas based ED with adaptive double-threshold (MA_ED_ADT).
A.1. First stage (MA_ED_FT)-
Fig. 4. Internal Architecture of Multiple Antennas based Energy detector with fixed single threshold (MA_ED_FT)
There are M numbers of antennas, and N is number of samples transmitted by PU. In figure 4 , we assume that each CR contains a selection combiner (SC) that outputs the maximum value out of decision statistics calculated for different diversity branches as x = max(x 1 , x 2 , x 3 , . . . , xM). In figure 4 , square law device (SLD) receives PU signal using SC diversity scheme. ED computes signal energy (X) and compared with threshold to make a final decision.
First stage local decision rule (LF) used by energy detector with single threshold is given by
A.2. Second stage (ED with ADT)-
In figure 5 , SLD detects the signal and shows signal energy (X). After SLD, we have two portions. In upper portion if detected energy values (X) are greater than λ 1 , it will show H 1 (signal presented), or less than λ 2 show H 0 (signal absent). But, if (X) fall between λ 1 and λ 2 then it will follow lower portion and use quantization method to generate its respective decimal values (DV) as shown in equation (8) . 
Now, the final output of ED_ADT as follows: 
Numerical Results and Analysis
In our system model, we have assumed total number of samples (N) as 1000, SNR varies from -20 dB to 0 dB, P f = 0.1, M =2, and QPSK modulation is considered. Figure 6 shows that our scheme improves detection performance by 33 % at -10 dB SNR when M = 2 as compare to ED and cyclostationary detection method. Figure 7 shows that the proposed scheme requires less sensing time as compare to ED and cyclostationary detection method. It is observed that at -20 dB SNR, proposed scheme require approximately 47 ms while previous scheme require around 53.2 ms sensing time.
Conclusion
In this paper, Numerical results show that proposed two-stage SS scheme outperforms previous scheme, by 33 % at -10 dB SNR when M = 2. It is shown that the proposed scheme yields smaller sensing time in the order of 6.2 ms at -20 dB SNR. Our results indicate the proposed scheme performs better than previous scheme.
